The possibility that soluble products of Schistosoma mansoni eggs might participate in the pathogenesis of hepatic fibrosis in schistosomiasis was investigated. Both crude saline extracts of eggs (soluble egg antigen [SEA]) and a partially purified SEA fraction contained activity which stimulated guinea pig and human dermal fibroblasts to proliferate in vitro, as measured by uptake of [3H]thymidine. Maximum activity was present in fractions which eluted from Sephacryl S-200 with an apparent molecular weight of s12,500 and in fractions which had an estimated pI 8, as determined by preparative isoelectric focusing of partially purified SEA. Activity in crude SEA was not removed by chromatography on concanavalin A-Sepharose 4B. When concanavalin A-binding glycoproteins lacking intrinsic fibroblast-stimulating activity were incubated with spleen cells from infected or uninfected mice, fibroblasts-stimulating activity was detected in the culture supematants. Thus, SEA contains two functionally distinct molecular species. One of these directly stimulates fibroblasts, whereas the other induces the release of a fibroblast-stimulating activity from lymphocytes or macrophages or both. Since these fibroblast-stimulating factors might be elaborated in the livers of infected individuals, these observations suggest a potential role of soluble schistome products in the pathogenesis of hepatic fibrosis in schistosomiasis.
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Although hepatic fibrosis underlies important morbidity and mortality in schistosomiasis mansoni infections, very little is known about hepatic fibrogenesis in this disease. Dunn and coworkers (2) have demonstrated that isolated hepatic egg granulomas from Schistosoma mansoni-infected mice could incorporate radiolabeled proline into collagen in vitro, presumably representing the synthetic activity of granuloma fibroblasts. Evidence accumulated in our laboratory (9, 10) indicates that these isolated egg granulomas could spontaneously elaborate soluble factors which stimulate dermal fibroblasts in vitro to proliferate and synthesize collagen. These observations suggest a potential molecular link between granuloma formation and hepatic fibrosis. We postulated that granuloma-derived fibroblast-stimulating activity might be a soluble product secreted by the chronic inflammatory cells comprising the granulomas. Indeed, such activity has also been identified in culture supematants of in vitro-stimulated lymphocytes (7) and macrophages (3, 5, 8 Fractions were cut at 0.5-cm intervals and mixed with 1 ml of distilled water, and the pH was determined. Material was recovered from the gel by the addition of 2 ml of water and centrifugation (1,000 x g, 10 min) and dialysis for 48 h against 20 volumes of RPMI 1640 medium (4°C; three changes of medium). Filter-sterilized fractions were stored at -10°C until tested.
Crude SEA was fractionated by affinity chromatography on a ConA-Sepharose 4B column essentially as described by Pelley et al. (6) . Thus, crude SEA (25 mg of protein) was dialyzed against 1,000 volumes of a buffer (pH 7.4) containing 10 mM sodium phosphate, 0.5 M sodium chloride, 10-4 M CaC12, 10-4 M MnC12, and 0.02% sodium azide and applied to a column (1.5 by 28 cm) of ConA-Sepharose equilibrated at 4°C with the same buffer. Unadsorbed material (ConA fraction I) was eluted with three bed volumes of the equilibr. tion buffer. Bound egg glycoproteins (ConA fraction II) were subsequently eluted with two bed volumes of the same buffer containing 0.1 M a-methyl-D-mannoside (grade III; Sigma Chemical Co., St. Louis, Mo). The column effluent was monitored for proteins at 280 nm, and selected fractions were pooled and concentrated at 4°C with an Amicon type 12 stirred ultrafiltration cell fitted with a YM-5 membrane (an ultrafiltration membrane with a -5,000 Mr cutoff; Amicon Corp., Lexington, Mass.). Concentrated ConA fractions were stored at -30°C and exhaustively dialyzed before use against RPMI 1640 culture medium to remove the sodium azide.
Spleen cell cultures. Spleen cell suspensions were prepared from individual C57BL/6 mice which were either uninfected or had been infected intraperitoneally with 50 cercariae of a Puerto Rican strain of S. mansoni 8 weeks previously. Spleens were minced in cold Hanks balanced salt solution, and cells were dissociated by passage through a stainless steel mesh and a no. 25 gauge needle. Erythrocytes were hypotonically lysed, and twice-washed splenocytes were suspended in RPMI 1640 medium supplemented with 4 mM L-glutamine and 100 U of penicillin and 100 ,ug of streptomycin per ml. Spleen cell suspensions were further supplemented with 0.25% heat-inactivated fetal bovine serum and incubated at a density of 10 Fibroblast proliferation assay. The ability of parasite extracts and spleen cell culture supernatants to stimulate fibroblast proliferation was assessed with methods previously described (9) . Briefly, primary newborn human foreskin or guinea pig dermal fibroblasts (passages 4 through 10) were plated at a subconfluent density of 2.5 x 105 cells per 16-mm-diameter well of 24-well culture plates (Cluster 24; Costar, Cambridge, Mass.) in supplemented culture medium containing 10% heat-inactivated fetal bovine serum. After overnight incubation at 37°C in a 5% C02-95% air atmosphere, cells were extensively washed with Hanks balanced salt solution, and cultures were continued for 24 h in serum-free medium (1 ml per well) before the addition of 100 R1 of medium, SEA preparation, or spleen cell culture supernatants. Except where otherwise indicated, fibroblast cultures were further incubated for 24 h, and each well was then pulsed with 0.5 p.Ci of [3H]thymidine for the final 4 h of incubation. Cells were trypsinized (0.25%) and harvested onto glass fiber filters as described above. Uptake of the radiolabel by triplicate fibroblast cultures was assessed by liquid scintillation counting. Our previous studies have confirmed that this assay is a measure of cell proliferation (9) . Furthermore, we have detected no important differences in the response of human and guinea pig fibroblasts to a variety of stimuli (D. Wyler, unpublished data). During the course of the studies described here, we found it desirable to switch from rodent to human fibroblasts because of the greater ease of establishing and maintaining the latter cultures. Concentration SEA protein (p.g/ml) dependent manner when added directly to fibroblast cultures (Fig. 1) . This effect could not be attributed to contamination of the SEA preparation with endotoxin, since the direct addition of Phenol red was run with SEA, and its elution is revealed by the third peak. 0. D., Optical density. stimulate [3H]thymidine uptake by guinea pig fibroblasts (data not shown). The kinetics of the response were assessed by incubating fibroblasts with crude SEA fraction for 24, 48, or 72 h and determining the uptake of [3H]thymidine during a terminal 4-h pulse. Maximum response was observed after 48 h (Fig. 2) .
Crude SEA was resolved into two major protein peaks by gel filtration chromatography (Fig.  3) . Fibroblast-stimulating activity was present in fractions having apparent molecular weights (Mr) in the range of '12,500 to 27,000, with maximal activity observed in fractions having an Mr of '12,500. Because activity was not lost upon vacuum dialysis (Mr cutoff, s5,000), the apparent Mr of the factor was estimated to be 5,000 to 12,500.
To determine whether the fibroblast-stimulating activity in SEA might be due to the ConAbinding glycoprotein antigens in S. mansoni eggs (6), crude SEA was fractionated by ConA affinity chromatography. When both the unbound fraction (ConA fraction I) and the bound egg glycoproteins (ConA fraction II) were tested in the fibroblast assay, only ConA fraction I contained fibroblast-stimulating activity ( blast-stimulating activity was present as a single peak in fractions with a pI in the range of 7.8 to 8.0 (Fig. 4) .
Indirect stimulation of fibroblasts by SEA. Table 3 ). The addition of 10 ,ug of ConA fraction II per ml to unstimulated spleen cell cultures for the final 15 min of incubation failed to produce supematants which contained fibroblast-stimulating activity (data not shown).
DISCUSSION
The results of these studies clearly indicate that SEA contains a biologically active molecule(s) capable of directly stimulating fibroblasts in vitro (Fig. 1) . This activity resides in a molecule(s) with an Mr of '12,500 (Fig. 3) and a pI -8 (Fig. 4) which does not bind to ConASepharose. These characteristics distinguish the SEA-derived fibroblast-stimulating activity from that present in culture supernatants of isolated hepatic granulomas, which has an estimated Mr in the range of 30,000 and a pl -5.5 to 6.5 (D. J. Wyler and L. J. Rosenwasser, J. Immunol., in press). The observation that the ConA-binding glycoproteins (ConA fraction II) lack direct fibroblast-stimulating activity in vitro (Table 1) indicates that the activity resides in molecules distinct from those antigens previously characterized (6) which have properties important in immune responses in schistosomiasis mansoni.
Specifically, it is thought that the egg glycoproteins are responsible for delayed hypersensitivity responses (such as lymphokine production) which underlie granuloma formation in S. mansoni infections. Thus, the observation that sensitized spleen cells appear to elaborate a fibroblast-stimulating factor when cultured in the presence of ConA fraction II (Table 3) is 
